
(19) United States 
US 2005O262056A1 

(12) Patent Application Publication (10) Pub. No.: US 2005/0262056A1 
Hamzy et al. (43) Pub. Date: Nov. 24, 2005 

(54) METHOD AND SYSTEM FOR SEARCHING (52) U.S. Cl. .................................................................. 707/3 
SOURCE CODE OF COMPUTER 
PROGRAMS USING PARSE TREES 

(57) ABSTRACT 
(75) Inventors: Mark Joseph Hamzy, Round Rock, 

TX (US); Dustin C. Kirkland, Austin, 
TX (US) 

Correspondence Address: 
IBM CORP (YA) 
C/O YEE & ASSOCIATES PC 
P.O. BOX 802.333 
DALLAS, TX 75380 (US) 

(73) Assignee: International Business Machines Cor 
poration, Armonk, NY 

(21) Appl. No.: 10/850,388 

(22) Filed: May 20, 2004 

Publication Classification 

(51) Int. Cl. .................................................... G06F 7700 

104 

SERVER 

106 STORAGE 

A method and System for Searching Source code of computer 
programs using parse trees are provided. With the method 
and System, a Search query is provided in terms of the utility 
desired from Source code meeting the Search query. For 
example, a Series of functions or operations to be performed 
by Source code, that are indicative of the Source code that is 
desired to be found by a user, may be entered as a Search 
query. The Search query is converted to one or more parse 
trees which are then compared against parse trees of Source 
code maintained by the Source code Search engine database. 
Parse trees that have nodes matching the parse tree(s) of the 
Search query are identified and a ranking of the extent of the 
matching between the parse trees is generated. Ranked 
Search results are then returned identifying the Source code 
that matches the Search query. 
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610 620 630 

SOURCE CODE TO PARSE 
SOURCE CODE TREE TRANSLAOR PARSE TREE 

################## 
#!/usr/bin/per 

640 
Sub fib($) { 
my $num=$ (O); > function definition, One Scalar parameter 
my Slast1 =0; > Var 1 initialized to Scalar 
my Slast2=1; > Var2 initialized to SCalar 
my $fib=1; 650 > Var3 initialized to Scalar 
if ($num== 1) { > Vara initialized to SCallar 
return $fib; >if statement, Compare var1 to Scalar 

} R> > return Statement, returns Vara 
for (my Si=1; $i-$num; Si----) { > for loop, varS from Scalar to vari 
$fib=$last 1 + Slast2; > Var4 Set to Sum of Var2 and Var3 
Slast1 = Slast2. > Var2 Set to var3 
Slast2 = $fib; > Var3 Set to var4 

} > return Statement, returns Vara 
return $fib; 

} 
print(fib(SARGVO). "\n"); 
################## FIG. 6 

  



Patent Application Publication Nov. 24, 2005 Sheet 5 of 5 US 2005/0262056A1 

710 5/5 720 730 

SEARCH SOURCE 
QUERY COMPARISON ENGINE CODE PARSE 

PARSE TREE TREE(S) 

MATCHING SOURCE CODE 
AND DEGREE OF MATCHING 

var4 Set to Sum Of Var2 and var3 
Var2 Set to Var3 
Var3 Set to Var4 

760 780 

C Fibonacci.exe 
100% match 

750 

Var4 Set to Sum of var2 and var3 
Var2 Set to var3 
var3 Set to var4 

var4 Set to Sum of war2 and Var3 enCrypt() 
Var2 Set to var3 R 66% match 

770 

FIG. 7 

810 RECEIVE ACCESS REOUEST COMPARESEARCH OUERY 
FROM CLIENT DEVICE PARSE TREE TO PARSE TREES 850 

IN SOURCE CODE DATABASE 

820 PROVIDE SOURCE CODE 
SEARCHENGINE GUI GENERATE RESULTS OF 860 

MATCHING SOURCE CODE IF ANY 
RECEIVE SOURCE CODE 

830 SEARCH (UERY TRANSMIT RANKED SOURCE CODE 
SEARCH RESULTS TO CLIENT DEVICE Y-870 

CONVERT SOURCE CODE 
840 SEARCH OUERY TO PARSE END 

TREE REPRESENTATION 
FIG. 8 

  

    

    

  

  

  



US 2005/0262056A1 

METHOD AND SYSTEM FOR SEARCHING 
SOURCE CODE OF COMPUTER PROGRAMS 

USING PARSE TREES 

BACKGROUND OF THE INVENTION 

0001) 1. Technical Field 
0002 The present invention is generally directed to an 
improved data processing System. More Specifically, the 
present invention is directed to a method and System for 
Searching Source code of computer programs using parse 
treeS. 

0003 2. Description of Related Art 
0004 Search engines are software that searches for con 
tent on the Internet or network that corresponds to a par 
ticular Search query. Such Searches typically include iden 
tifying indexes of web sites and web pages, in a database of 
web site/web page indexes, which have keywords that match 
the terms entered in the Search query. Although a Search 
engine is the actual Software and algorithms used to perform 
a search, the term has become synonymous with the Web site 
itself. For example, Google' is a major Search Site on the 
Internet, but rather than being called the “Google TM web 
site,” it is commonly known as the “Google TM search 
engine.” 

0005 Known search engines are limited to performing 
pure text comparison Searches. That is, the Search engine 
merely identifies those indices that include words matching 
those terms entered in the Search query. As a result, while the 
known Search engines may be extremely useful for locating 
desired web sites and web pages, their limitations do not 
lend themselves to other applications, Such as Searching for 
particular portions of Source code of computer programs. 
0006. It is often desirable for a computer programmer to 
locate already existing computer programs or portions of 
computer programs that Solve a particular problem or have 
a particular Sequence of operations. For example, if a 
programmer wishes to calculate a Fibonacci sequence, 
rather than taking the time to determine how to generate a 
program to perform this operation, the programmer may 
choose to locate a computer method or routine that is already 
in existence that performs this operation. 
0007 Using a traditional text search engine, the program 
mer may enter keywords Such as “Fibonacci” and “program' 
in an attempt to identify Source code that calculates a 
Fibonacci sequence. As a result, the programmer may 
receive a large number of results which discuss the 
Fibonacci sequence, mathematical approaches to generating 
the Fibonacci sequence, historical information, and the like, 
none of which provides Source code to actually generate the 
Fibonacci sequence. In other words, the Search engine will 
return results that identify Web Sites and web pages that 
describe the Fibonacci sequence, but do not necessarily 
provide a Solution to the programmer's problem. 

0008 If source code is made available on the Internet and 
specifically includes the words “Fibonacci” and “program” 
in it, then the Source code may be returned in the Search 
results of Such a query. This is because Source code is not 
treated any differently than regular text in web sites and web 
pages by traditional Search engines. However, if the Source 
code does not include these terms, then it will not be 
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returned as a result of the Search, even though the Source 
code may actually Solve the problem the programmer wishes 
to Solve using the entered Search query. 
0009. This limitation of traditional search engines is 
especially problematic when the Source code being Search 
for does not have a generally accepted name, Such as 
“Fibonacci”, and can only be described in terms of the 
operations that need to be performed. In Such a case, the 
programmer will typically have to be resigned to generating 
the code themselves unless they known the precise textual 
Syntax (variable names as well) of the Source code that they 
are Seeking. This often defeats the purpose when the user is 
in fact trying to learn exactly how to accomplish Some task. 
0010 With the overwhelming success and proliferation 
of open Source projects, Such as the Linux" operating 
system project and GNUTM tools, increasing amounts of 
Source code are made available on the Internet every day. 
Thus, it would be beneficial to provide a Search engine that 
permits more efficient and user friendly Searching of this 
Source code. 

SUMMARY OF THE INVENTION 

0011. The present invention provides a method and sys 
tem for Searching Source code of computer programs using 
parse trees. With the method and System, a Search query is 
provided in terms of the utility desired from source code 
meeting the Search query. For example, a Series of functions 
or operations to be performed by Source code, that are 
indicative of the source code that is desired to be found by 
a user, may be entered as a Search query. 
0012. The search query is converted to one or more parse 
trees which are then compared against parse trees of Source 
code maintained by the Source code Search engine database. 
Parse trees that have nodes matching the parse tree(s) of the 
Search query are identified and a ranking of the extent of the 
matching between the parse trees is generated. Ranked 
Search results are then returned identifying the Source code 
that matches the Search query. 
0013 These and other features and advantages of the 
present invention will be described in, or will become 
apparent to those of ordinary skill in the art in View of, the 
following detailed description of the preferred embodi 
mentS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014. The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
itself, however, as well as a preferred mode of use, further 
objectives and advantages thereof, will best be understood 
by reference to the following detailed description of an 
illustrative embodiment when read in conjunction with the 
accompanying drawings, wherein: 
0015 FIG. 1 is an exemplary diagram of a distributed 
data processing System in which aspects of the present 
invention may be implemented; 
0016 FIG. 2 is an exemplary diagram of a server com 
puting System in which aspects of the present invention may 
be implemented; 
0017 FIG. 3 is an exemplary diagram of a client com 
puting System in which aspects of the present invention may 
be implemented; 
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0.018 FIG. 4 is an exemplary diagram illustrating the 
interaction of the primary operational components according 
to one exemplary embodiment of the present invention; 
0.019 FIG. 5 is an exemplary diagram of a graphical user 
interface through which a Source code Search query may be 
input for Searching Source code in one or more Source code 
database in accordance with one exemplary embodiment of 
the present invention; 
0020 FIG. 6 is an exemplary diagram illustrating the 
generation of a parse tree from Source code in accordance 
with one exemplary embodiment of the present invention; 
0021 FIG. 7 is an exemplary diagram illustrating a 
comparison of a parse tree of a Source code Search query 
with a partially matching parse tree of Source code in a 
Source code database in accordance with one exemplary 
embodiment; and 
0022 FIG. 8 is a flowchart outlining an exemplary 
operation of the present invention when performing a Source 
code Search in accordance with one exemplary embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0023 The present invention is directed to a mechanism 
for Searching Source code. The present invention is prefer 
ably used for Searching Source code in a distributed data 
processing environment, such as the Internet, a wide area 
network (WAN), local area network (LAN), or the like, but 
is not limited to Such and may be used in a Stand-alone 
computing System or completely within a single computing 
device. The following FIG. 1-3 are intended to provide a 
context for the description of the mechanisms and operations 
performed by the present invention. The Systems and com 
puting environments described with reference to FIG. 1-3 
are intended to only be exemplary and are not intended to 
assert or imply any limitation with regard to the types of 
computing System and environments in which the present 
invention may be implemented. 
0024. With reference now to the figures, FIG. 1 depicts 
a pictorial representation of a network of data processing. 
Systems in which the present invention may be imple 
mented. Network data processing system 100 is a network of 
computers in which the present invention may be imple 
mented. Network data processing system 100 contains a 
network 102, which is the medium used to provide commu 
nications links between various devices and computers 
connected together within network data processing System 
100. Network 102 may include connections, such as wire, 
wireleSS communication links, or fiber optic cables. 
0.025 In the depicted example, server 104 is connected to 
network 102 along with storage unit 106. In addition, clients 
108, 110, and 112 are connected to network 102. These 
clients 108, 110, and 112 may be, for example, personal 
computers or network computers. In the depicted example, 
Server 104 provides data, Such as boot files, operating 
System images, and applications to clients 108-112. Clients 
108, 110, and 112 are clients to server 104. Network data 
processing System 100 may include additional Servers, cli 
ents, and other devices not shown. In the depicted example, 
network data processing system 100 is the Internet with 
network 102 representing a worldwide collection of net 
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WorkS and gateways that use the Transmission Control 
Protocol/Internet Protocol (TCP/IP) suite of protocols to 
communicate with one another. At the heart of the Internet 
is a backbone of high-speed data communication lines 
between majorSnodes or host computers, consisting of thou 
Sands of commercial, government, educational and other 
computer Systems that route data and messages. Of course, 
network data processing System 100 also may be imple 
mented as a number of different types of networks, Such as 
for example, an intranet, a local area network (LAN), or a 
wide area network (WAN). FIG. 1 is intended as an 
example, and not as an architectural limitation for the 
present invention. 
0026 Referring to FIG. 2, a block diagram of a data 
processing System that may be implemented as a Server, Such 
as server 104 in FIG. 1, is depicted in accordance with a 
preferred embodiment of the present invention. Data pro 
cessing System 200 may be a symmetric multiprocessor 
(SMP) system including a plurality of processors 202 and 
204 connected to system bus 206. Alternatively, a single 
processor System may be employed. Also connected to 
system bus 206 is memory controller/cache 208, which 
provides an interface to local memory 209. I/O bus bridge 
210 is connected to system bus 206 and provides an interface 
to I/O bus 212. Memory controller/cache 208 and I/O bus 
bridge 210 may be integrated as depicted. 

0027 Peripheral component interconnect (PCI) bus 
bridge 214 connected to I/O bus 212 provides an interface to 
PCI local bus 216. A number of modems may be connected 
to PCI local bus 216. Typical PCI bus implementations will 
Support four PCI expansion slots or add-in connectors. 
Communications links to clients 108-112 in FIG. 1 may be 
provided through modem 218 and network adapter 220 
connected to PCI local bus 216 through add-in connectors. 
0028. Additional PCI bus bridges 222 and 224 provide 
interfaces for additional PCI local buses 226 and 228, from 
which additional modems or network adapters may be 
Supported. In this manner, data processing System 200 
allows connections to multiple network computers. A 
memory-mapped graphics adapter 230 and hard disk 232 
may also be connected to I/O bus 212 as depicted, either 
directly or indirectly. 

0029. Those of ordinary skill in the art will appreciate 
that the hardware depicted in FIG.2 may vary. For example, 
other peripheral devices, Such as optical disk drives and the 
like, also may be used in addition to or in place of the 
hardware depicted. The depicted example is not meant to 
imply architectural limitations with respect to the present 
invention. 

0030 The data processing system depicted in FIG.2 may 
be, for example, an IBM eServer pSeries system, a product 
of International BusineSS Machines Corporation in Armonk, 
N.Y., running the Advanced Interactive Executive (AIX) 
operating System or LINUX operating System. 

0031. With reference now to FIG. 3, a block diagram 
illustrating a data processing System is depicted in which the 
present invention may be implemented. Data processing 
System 300 is an example of a client computer or Stand-alone 
computing device in which the aspects of the present inven 
tion may be implemented. Data processing system 300 
employs a peripheral component interconnect (PCI) local 
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bus architecture. Although the depicted example employs a 
PCI bus, other bus architectures such as Accelerated Graph 
ics. Port (AGP) and Industry Standard Architecture (ISA) 
may be used. Processor 302 and main memory 304 are 
connected to PCI local bus 306 through PCI bridge 308. PCI 
bridge 308 also may include an integrated memory. control 
ler and cache memory for processor 302. Additional con 
nections to PCI local bus 306 may be made through direct 
component interconnection or through add-in boards. In the 
depicted example, local area network (LAN) adapter 310, 
SCSI hostbus adapter 312, and expansion bus interface 314 
are connected to PCI local bus 306 by direct component 
connection. In contrast, audio adapter 316, graphics adapter 
318, and audio/video adapter 319 are connected to PCI local 
bus 306 by add-in boards inserted into expansion slots. 
Expansion bus interface 314 provides a connection for a 
keyboard and mouse adapter 320, modem 322, and addi 
tional memory 324. Small computer system interface (SCSI) 
host bus adapter 312 provides a connection for hard disk 
drive 326, tape drive 328, and CD-ROM drive 330. Typical 
PCI local bus implementations will support three or four PCI 
expansion slots or add-in connectors. 
0032. An operating system runs on processor 302 and is 
used to coordinate and provide control of various compo 
nents within data processing system 300 in FIG. 3. The 
operating System may be a commercially available operating 
system, such as Windows XP, which is available from 
MicroSoft Corporation. An object oriented programming 
system Such as Java may run in conjunction with the 
operating System and provide calls to the operating System 
from Java programs or applications executing on data pro 
cessing system 300. “Java” is a trademark of Sun Micro 
Systems, Inc. Instructions for the operating System, the 
object-oriented programming System, and applications or 
programs are located on Storage devices, Such as hard disk 
drive 326, and may be loaded into main memory 304 for 
execution by processor 302. 
003.3 Those of ordinary skill in the art will appreciate 
that the hardware in FIG. 3 may vary depending on the 
implementation. Other internal hardware or peripheral 
devices, Such as flash read-only memory (ROM), equivalent 
nonvolatile memory, or optical disk drives and the like, may 
be used in addition to or in place of the hardware depicted 
in FIG. 3. Also, the processes of the present invention may 
be applied to a multiprocessor data processing System. 
0034. As another example, data processing system 300 
may be a Stand-alone System configured to be bootable 
without relying on Some type of network communication 
interfaces AS a further example, data processing System 300 
may be a personal digital assistant (PDA) device, which is 
configured with ROM and/or flash ROM in order to provide 
non-volatile memory for Storing operating System files and/ 
or user-generated data. 
0035) The depicted example in FIG. 3 and above-de 
Scribed examples are not meant to imply architectural limi 
tations. For example, data processing System 300 also may 
be a notebook computer or hand held computer in addition 
to taking the form of a PDA. Data processing system 300 
also may be a kiosk or a Web appliance. 
0.036 AS mentioned above, the present invention pro 
vides a mechanism for performing Searches of Source code 
for computer programs using parse trees. The parse trees 

Nov. 24, 2005 

provide a representation of the utility or functionality of the 
Source code, e.g., the Series of operations performed by the 
Source code, and are not limited to the particular variable 
names or other text that may be present in the Source code. 
Thus, the present invention provides a mechanism for 
Searching Source code based on what the Source code 
accomplishes and not just on the particular terms that are 
used in the Source code. 

0037 With the method and system of the present inven 
tion, a Search query is provided in terms of the utility desired 
from Source code meeting the Search query. For example, a 
Series of functions or operations to be performed by Source 
code, that are indicative of the Source code that is desired to 
be found by a user, may be entered as a Search query. The 
Search query is converted to one or more parse trees which 
are then compared against parse trees of Source code main 
tained by the Source code Search engine database. Parse trees 
that have nodes matching the parse tree(s) of the Search 
query are identified and a ranking of the extent of the 
matching between the parse trees is generated. Ranked 
Search results are then returned identifying the Source code 
that matches the Search query. In this manner, the present 
invention provides a utility based Search engine for Search 
ing Source code. 
0038 FIG. 4 is an exemplary diagram illustrating the 
interaction of the primary operational components according 
to one exemplary embodiment of the present invention. AS 
shown in FIG. 4, the prlmary operational components of the 
depicted embodiment of the present invention includes a 
network interface 410, a Source code Search engine graphical 
user interface (GUI) engine 420, a Source code Search engine 
controller 430, a Source code Search query translation engine 
435, a partial compiler 440, a source code database interface 
450, a storage for parse trees of source code 460, a web 
crawler (or bot) 470, and a comparison engine 480. These 
components may be implemented in Software, hardware or 
any combination of Software and hardware without depart 
ing from the Spirit and Scope of the present invention. In a 
preferred embodiment, the components depicted in FIG. 4 
are implemented as Software instructions that are executed 
by one or more data processing devices, Such as, for 
example, the server illustrated in FIG. 2. 
0039. With the present invention, a user of a client device 
may access the Source code Search engine provided by the 
Source code search system 400 via one or more networks, 
Such as network 102. In response to an acceSS request from 
a client device via the network, the Source code Search 
engine GUI engine 420 of the source code search system 400 
provides a GUI through which the user of the client device 
may enter a Source code Search query. 
0040. The source code search query entered by the user 
of the client device, in accordance with a preferred embodi 
ment, takes the form of a description of the utility or 
functionality for which the user wishes to locate Source 
code. This description may be, for example, a Series of 
function descriptions that matching Source code would per 
form. 

0041 Assume that a user of a client device wishes to 
locate a block of Source code, a Subroutine, or a very specific 
Subset of code that implements the Fibonacci algorithm for 
calculating Fibonacci numbers, a well known Sequence of 
numbers that describes many natural phenomena. In the 
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Fibonacci algorithm, the value of a Fibonacci number is the 
Sum of the two numbers immediately preceding it in the 
Sequence. Thus, the primary operations performed by an 
algorithm that calculates the Fibonacci number Sequence 
may be Summarized as follows: 

0042 var4 set to sum of var2 and var3 
0043 var2 set to var3 
0044 var3 set to var4 

004.5 The above description of the operations performed 
by source code that would calculate the Fibonacci number 
Sequence may be input by a user of a client device using the 
Source code search engine GUI engine 420. It should be 
noted that the variable names “var2.'"var3,” and “var4' are 
only place holders and do not limit the Searching capabilities 
of the Source code Search engine of the present invention. To 
the contrary, the above description is interpreted by the 
Source code Search engine of the present invention as any 
Source code that Sets a first variable to the Sum of a Second 
variable and a third variable, and then sets the value of the 
Second variable to the value of the third variable and the 
value of the third variable to the value of the Sum. The actual 
variable names are irrelevant to the Source code Searching of 
the present invention and emphasis is provided to the actual 
functions or operations performed. 
0046) When the user enters a source code search query, 
Such as the example shown above, and presses a virtual Send 
button in the source code search query GUI, the source code 
Search query is transmitted to the Source code Search engine 
controller 430 via one or more networks and the network 
interface 410. The search engine controller 430 provides the 
Source code Search query to the Search query translation 
engine 435 which translates the Source code Search query to 
a parse tree representation. The Search query translation 
engine 435 may make use of Similar translation techniques 
that are used by the partial compiler 440 to convert Source 
code to a parse tree representation. The Search query trans 
lation engine 435, however, does not operate on Source code 
but instead operates on the description of the utility or 
functionality entered as a Source code Search query. 
0047 A parse tree, as the term is used in the present 
description, is an interpreted representation of Software 
Source code whereby implementation Specific arbitrary pro 
grammatic or stylistic choices are abstracted (such as vari 
able names and particular Syntax requirements of various 
languages). This concept of a "parse tree' may be imple 
mented in any one of many different ways. For the Sake of 
clarity and conciseness of the present description, a pseudo 
code parse tree representation of a Perl Source code program 
will be used for descriptive purposes only. 
0.048. The source code search query parse tree represen 
tation that is generated by the Search query translation 
engine 435 is then used to Search a database of Source code 
parse treeS 460 for any Source code parse trees that have a 
matching or even partially matching portion of code. While 
a single Source code parse tree databaseS 460 is illustrated, 
in actuality there may be many different Source code parse 
tree databases 460 that are searchable by the present inven 
tion. For example, Separate Source code parse tree databases 
460 may be maintained for various types of open source 
projects such as the LinuxTM operating system, GNUTM 
tools, and the like. 
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0049. The entries in the source code parse tree database 
460 are generated by locating Source code that is made 
available over one or more networks, or is otherwise acces 
sible to the source code searching system 400, and partially 
interpreting the Source code using the partial compiler 440. 
The Source code may be identified using the web crawler or 
bot 470 which goes to various network addresses and 
analyzes the content associated with the network addresses 
to determine if Source code is made available through that 
network address. If So, the Source code may be retrieved via 
the network interface 410 and processed by the partial 
compiler 440. The partial compiler 440 attempts to interpret 
the retrieved Source code to a point at which a parse tree of 
the Source code is generated. This parse tree is then Stored 
in the source code parse tree database 460 for later use in 
Source code Searches. 

0050. Upon receiving a source code search query and 
converting the Source code Search query to a parse tree 
representation, entries from the Source code parse tree 
database 460 are retrieved and compared to the parse tree 
representation of the Source code Search query using com 
parison engine 480. If there is at least a partial match 
between the source code parse tree from database 460 and 
the parse tree representation of the Source code Search query, 
then the corresponding Source code file, Subroutine, method, 
algorithm, etc., is Stored in a Search result data Structure that 
is provided to the source code search engine controller 430. 
AS each Source code parse tree is compared to the parse tree 
representation of the Source code Search query, if there is a 
partial match between them, the Source code filename, 
method, etc. is added to the Search results data Structure. 
0051. Once all the source code parse tree entries in the 
database 460 are searched, when a predetermined number of 
results have been retrieved, or when the Search has been 
operating for a predetermined period of time, the Search 
results data Structure is processed by the Source code Search 
engine controller 430 to place the Search results in a ranked 
order. The particular order is dependent upon the particular 
implementation, however, in a preferred embodiment, the 
ranking is done Such that the Source code entries in the 
Source code parse tree database 460 that most closely match 
the Source code Search query are ranked at the top of the 
Search results. The ranked Search results are then returned to 
the client device via the network interface 410. 

0052 Subsequently, the search results are output in a 
Search results portion of the Source code Search engine GUI 
for use by a user of the client device. If the user of the client 
device then Selects an entry in the Search results, the browser 
on the client device may be redirected to the computing 
device or environment from which the Source code associ 
ated with the entry in the search results may be obtained. 
0053 Thus, the present invention provides a mechanism 
for Searching Source code that performs Such Searching 
based on parse trees of the Source code and of a Source code 
Search query entered by a user of a client device. Because the 
present invention makes use of parse trees rather than pure 
text matching, the present invention may identify Source 
code that performs the same operations, functions, or 
accomplishes the same task as the one described in the 
Source code Search query even though the same variable 
names, text, and the like are not utilized. 
0054 FIG. 5 is an exemplary diagram of a graphical user 
interface (GUI) through which a Source code Search query 
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may be input for Searching Source code in one or more 
Source code databases in accordance with one exemplary 
embodiment of the present invention. As shown in FIG. 5, 
the GUI 500 includes a first GUI element 510 through which 
a Source code Search query may be entered. The first GUI 
element 510 preferably takes the form of a text input field or 
box in which one or more lines of Source code operation or 
function description may be entered. 
0.055 This description text is used to generate the source 
code Search query that is transmitted to the Source code 
search system 400. That is, each line of the search query text 
entered into first GUI element 510 is parsed to generate a 
parse tree for that line. The parse trees for the lines may then 
be combined using known Boolean operations, Such as 
AND, NOT, OR, and the like, regular expression operation, 
Such as Zero or more occurrences, one or more occurrences, 
parentheses to group elements, and the like. The result is a 
Single parse tree that represents all of the lines entered into 
first GUI element 510. 

0056. A second GUI element 520 is provided for desig 
nating which Source code parse tree databases are to be 
Searched using the Source code Search query entered in the 
first GUI element 510. A designation of the selected data 
bases may be provided along with the Source code Search 
query to the Source code Search System 400 and the Source 
code search engine controller 430 will then initiate a search 
on only those Source code parse tree databases identified in 
the received Source code Search query. 
0057 FIG. 6 is an exemplary diagram illustrating the 
generation of a parse tree from Source code in accordance 
with one exemplary embodiment of the present invention. 
As shown in FIG. 6, Source code 610 is obtained, for 
example, by using the web crawler 470 or the like, and is 
provided to a source code to parse tree translator 620. The 
Source code to parse tree translator 620 may be part of the 
partial compiler 440, for example, and performs the function 
of parsing the Source code and generating parse tree ele 
ments based on the identified functions, attributes, etc. that 
are encountered during the parsing of the Source code. The 
generation of parse trees from Source code is generally 
known in the art as being a Substep in the process of a 
compiler compiling Source code into executable code. The 
result of this translation is an abstract parse tree 630 that is 
a compact representation of the meaning of the Source code 
610, e.g., the functions/operations performed by the Source 
code 610. 

0.058 Also shown in FIG. 6 are actual examples of 
Source code 640 and a corresponding parse tree idealized 
representation 650 that may be generated by the source code 
to parse tree translator 620 in accordance with the present 
invention. The parse tree idealized representation 650 may 
be Stored in a Source code parse tree database for later use 
in Source code Searching as previously described above. 
0059. The steps taken to convert the source code 640 into 
the parse tree idealized representation 650 are to read the 
ASCII Source code file one character at a time, convert the 
characters into tokens, look at the tokens and find grammar 
rules that match the tokens and convert the grammar rules, 
as applied to the tokens, into a parse tree. For the code shown 
in FIG. 6, parsing the ASCII source code file and converting 
the characters into tokens results in the following list of 
tokens: 

oken 

comment 
ext 
whitespace 
comment 
ext 
whitespace 
SUB keyword 
unction name 
LEFT PAREN keyword 
argument list 
RIGHT PAREN keyword 
whitespace 
LEFT CURLY BRACE 

hitespace 

EQUALS keyword 
whitespace 
variable name 
SEMICOLON keyword 
whitespace 
MY keyword 
variable name 
whitespace 

EQUALS keyword 
whitespace 
integer 
SEMICOLON keyword 
whitespace 

MY keyword 
variable name 
whitespace 

EQUALS keyword 
whitespace 
integer 
SEMICOLON keyword 
whitespace 
MY keyword 
variable name 
whitespace 

EQUALS keyword 
whitespace 
integer 
SEMICOLON keyword 
whitespace 
IF keyword 
whitespace 

LEFT PAREN keyword 
whitespace 
variable name 
whitespace 

EQUALS EQUALS keyword 
whitespace 
integer 
whitespace 

RIGHT PAREN keyword 
whitespace 
LEFT CURLY BRACE 
keyword 
whitespace 

RETURN keyword 
whitespace 
variable name 
SEMICOLON keyword 
whitespace 
RIGHT CURLY BRACE 

whitespace 

LEFT PAREN keyword 
whitespace 
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character(s) 
# 
################################ 

sub 
fib 
( 
S 
) 

{ 

my 
Snum 

$ O 
s 

my 
Slast1 

return 

Sfib 

for 

( 
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-continued 

tOken. character(s) 

MY keyword my 
whitespace 
variable name Si 
EQUALS keyword : 
integer 1. 
SEMICOLON keyword 
whitespace 
variable name Si 
whitespace 

LESSTHAN keyword : 
variable name Snum 
SEMICOLON keyword 
whitespace 
variable name Si 
PLUS PLUS keyword ---- 
RIGHT PAREN keyword ) 
whitespace 
LEFT CURLY BRACE { 
keyword 
whitespace 
variable name Sfib 
whitespace 

EQUALS keyword : 
whitespace 
variable name Slast1 
whitespace 
PLUS keyword -- 
whitespace 
variable name Slast2. 
SEMICOLON keyword 
whitespace 
variable name Slast1 
whitespace 

EQUALS keyword : 
whitespace 
variable name Slast2. 
SEMICOLON keyword 
whitespace 
variable name Slast2. 
whitespace 

EQUALS keyword : 
whitespace 
variable name Sfib 
SEMICOLON keyword 
whitespace 
RIGHT CURLY BRACE 
keyword 
whitespace 

RETURN keyword return 
whitespace 
variable name Sfib 
SEMICOLON keyword 
whitespace 
RIGHT CURLY BRACE 
keyword 
whitespace 

PRINT keyword 
LEFT PAREN keyword ( 
whitespace 
function name fib 
LEFT PAREN keyword ( 
variable name SARGV 
LEFT BRACKET keyword 
integer 
RIGHT BRACKET keyword 
RIGHT PAREN keyword 
whitespace 
DOT keyword 
whitespace 
DOUBLE QUOTE keyword “ 
text \n 
DOUBLE QUOTE keyword “ 
whitespace 
RIGHT PAREN keyword ) 
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-continued 

token character(s) 

SEMICOLON keyword 
whitespace 
comment # 
text ################################ 
whitespace 
end-of-file 

0060 For simply programming languages, these tokens 
are examined one at a time to identify grammar rules that 
match the tokens. For more complex programming lan 
guages, a look-ahead buffer may be employed to implement 
the process. The grammar rules are then used to convert the 
tokens into a parse tree idealized representation 650. This 
Same proceSS may be applied to the Source code Search query 
entered by the user to Search for Source code. That is, the 
Source code Search query may be regarded as the ASCII file 
that is to be parsed. Obviously, the parse tree of the Source 
code Search query will be much Smaller than the parse tree 
of the Source code ASCII file. 

0061 FIG. 7 is an exemplary diagram illustrating a 
comparison of a parse tree of a Source code Search query 
with a partially matching parse tree of Source code in a 
Source code database in accordance with one exemplary 
embodiment. As shown in FIG. 7, a search query parse tree 
710 is provided to the comparison engine 720 which also 
receives parse trees 730 of source code from the source code 
parse tree database(s). The comparison engine 720 compares 
elements of the Search query parse tree 710 against elements 
in the parse trees of the source code 730 to determine a 
degree of matching. For those Source code parse trees that 
have greater than a minimum degree of matching, the 
corresponding filename, method, Subroutine, etc. is identi 
fied in the search results 740 along with the degree of 
matching. These Search results may then be ranked accord 
ing to the corresponding degree of matching So that an 
ordered list of matching Source code is provided to the user 
of the client device that Submitted the Search query. 

0062. In one exemplary embodiment of the present 
invention, matching of the parse tree of the Source code 
search query 710 and the parse trees of the source code 730 
is performed using regular expressions. The following is a 
Simple example of Such a comparison for the Source code 
search query “Si=1.” 

0063 First, a set of tokens is generated for the source 
code Search query: 

variable name Si 
EQUALS keyword 
integer 

0064. This set of tokens is then matched to grammar rules 
to generate a parse tree representation of the Source code 
Search query. A regular expression is then generated based 
on the parse tree: 
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<VARIABLE NAME: is(<WHITESPACE> *)?<EQUALS 
KEYWORD>(<WHITESPACE> *)?<INTEGER:1> 

0065. This regular expression states: find a variable name 
that is “i,” followed by an optional one or more white Spaces, 
followed by an "=", followed by an optional one or more 
white spaces, followed by an integer “1”. This regular 
expression may be compared against Similar regular expres 
sions generated for source code that are generated in a 
similar manner. Full and partial matches may be identified 
and provided as search results. 
0066. This example may be extrapolated to situations in 
which the actual variable name and parameter values are not 
matched but the functions performed are the basis for the 
matching, as previously described above. For example, in a 
slightly more complex search query, a Search of Source code 
may be performed for any variable that is set to the Sum of 
two other variables. 

0067. As an example of the comparison performed by the 
present invention, assume that the Search query parse tree 
710 takes the form shown in element 750. When comparing 
this parse tree to the parse trees of source code 730, two 
portions of source code parse trees 760 and 770 are deter 
mined to provide Some partial match to the Search query 
parse tree. Source code parse tree 760 is determined to be a 
100% match in that the same exact series of functions/ 
operations described in the Search query parse tree 750 are 
found in the source code parse tree 760. The source code 
parse tree 770 is determined to be a 66% match since only 
two of the lines of the search query parse tree are found in 
the source code parse tree 770. Thus, the search results 780 
will be ordered such that the filename associated with the 
source code parse tree 760 is presented first in the list with 
an associated degree of matching equal to 100% and the 
filename associated with the source code parse tree 770 is 
presented second in the list with an associated degree of 
matching equal to 66%. 
0068 FIG. 8 is a flowchart outlining an exemplary 
operation of the present invention when performing a Source 
code search in accordance with one exemplary embodiment 
of the present invention. It will be understood that each 
block of the flowchart illustration, and combinations of 
blocks in the flowchart illustration, can be implemented by 
computer program instructions. These computer program 
instructions may be provided to a processor or other pro 
grammable data processing apparatus to produce a machine, 
such that the instructions which execute on the processor or 
other programmable data processing apparatus create means 
for implementing the functions specified in the flowchart 
block or blocks. These computer program instructions may 
also be stored in a computer-readable memory or storage 
medium that can direct a processor or other programmable 
data processing apparatus to function in a particular manner, 
such that the instructions stored in the computer-readable 
memory or storage medium produce an article of manufac 
ture including instruction means which implement the func 
tions specified in the flowchart block or blocks. 
0069. Accordingly, blocks of the flowchart illustration 
support combinations of means for performing the Specified 
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functions, combinations of steps for performing the Speci 
fied functions and program instruction means for performing 
the specified functions. It will also be understood that each 
block of the flowchart illustration, and combinations of 
blocks in the flowchart illustration, can be implemented by 
special purpose hardware-based computer Systems which 
perform the specified functions or steps, or by combinations 
of special purpose hardware and computer instructions. 
0070). As shown in FIG. 8, the operation starts by receiv 
ing an access request from a client device (step 810). In 
response, a source code search engine GUI is provided to the 
client device (step 820). Thereafter, a source code search 
query may be received from the client device Via the 
provided GUI (step 830). 
0.071) The source code search query is then converted to 
a parse tree representation of the search query (step 840) and 
is compared against parse trees for Source code maintained 
in a source code parse tree database (step 850). AS previ 
ously mentioned above, the actual Searching may encompass 
a plurality of databases and is not limited to just one. In 
addition, the particular databases to be searched may be 
identified by the search query received from the client 
device. 

0072) Results are then generated based on a determina 
tion as to which Source code parse trees contain matching 
portions to the search query parse tree (step 860). The results 
may then be ranked and ordered Such that a particular 
organization of the search results is obtained. For example, 
in a preferred embodiment, the Search results are ranked 
based on a degree of matching between the Source code 
parse tree and search query parse tree. The ranked Search 
results may then be ordered Such that the greatest matching 
source code parse tree entry is provided at the top of the 
search results list. The ranked and ordered Search results 
may then be transmitted to the client device for the user's 
review and optional selection (step 870). 
0073. Thus the present invention provides an improved 
mechanism for searching Source code made available by one 
or more computing systems. One of the key features of the 
present invention is the use of parse trees to facilitate the 
searching of source code. Search queries are converted to 
parse trees and are used to search parse trees that have been 
generated for source code. In this way, the underlying 
functionality and tasks accomplished by the Source code are 
searched rather than merely performing a direct text match 
ing as in known search engines. Thus, with the present 
invention, source code that accomplishes the same task or 
performs the same series of functions/operations may be 
identified despite the specific text utilized by this Source 
code. 

0074) In addition to the above, the present invention 
permits source code using various different programming 
languages to be searched using the Source code Search 
engine of the present invention. As long as the Source code 
may be represented as a parse tree in a common accepted 
parse tree language, then it does not matter which program 
ming language is used to actually write the Source code. The 
partial compiler of the present invention may contain the 
portions of compilers for various programming languages 
that are used to generate parse trees and thus, may perform 
a partial compilation of Source code from various computer 
programming languages. These partial compilations will 
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result in a common parse tree representation that may then 
be matched against the Search query parse tree. 
0075. It is important to note that while the present inven 
tion has been described in the context of a fully functioning 
data processing System, those of ordinary skill in the art will 
appreciate that the processes of the present invention are 
capable of being distributed in the form of a computer 
readable medium of instructions and a variety of forms and 
that the present invention applies equally regardless of the 
particular type of Signal bearing media actually used to carry 
out the distribution. Examples of computer readable media 
include recordable-type media, Such as a floppy disk, a hard 
disk drive, a RAM, CD-ROMs, DVD-ROMs, and transmis 
Sion-type media, Such as digital and analog communications 
links, wired or wireleSS communications links using trans 
mission forms, Such as, for example, radio frequency and 
light wave transmissions. The computer readable media may 
take the form of coded formats that are decoded for actual 
use in a particular data processing System. 
0.076 The description of the present invention has been 
presented for purposes of illustration and description, and is 
not intended to be exhaustive or limited to the invention in 
the form disclosed. Many modifications and variations will 
be apparent to those of ordinary skill in the art. The 
embodiment was chosen and described in order to best 
explain the principles of the invention, the practical appli 
cation, and to enable others of ordinary skill in the art to 
understand the invention for various embodiments with 
various modifications as are Suited to the particular use 
contemplated. 

What is claimed is: 
1. A method, in a data processing System, for Searching for 

Source code matching Search criteria, comprising: 
receiving, from a computing device, a Source code Search 

query identifying Source code Search criteria; 
converting the Source code Search criteria to a parse tree 

representation; 
retrieving one or more Source code parse trees from a 

Source code parse tree Storage; 
comparing the Source code Search criteria parse tree 

representation to the one or more Source code parse 
trees, 

generating Search results based on the comparison of the 
Source code Search criteria parse tree representation to 
the one or more Source code parse trees, and 

transmitting the Search results to the computing device. 
2. The method of claim 1, wherein the Source code Search 

criteria Sets forth a functional description of a portion of 
Source code that is desired to be found in the Source code of 
one or more computer programs, wherein the functional 
description is independent of at least one of variable names 
and parameter values. 

3. The method of claim 1, wherein the Source code search 
criteria parse tree and the Source code parse trees are 
independent of variable names. 

4. The method of claim 1, wherein converting the Source 
code Search criteria to a parse tree representation includes: 

using a partial compiler to interpret the Source code Search 
criteria. 
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5. The method of claim 1, wherein converting the source 
code Search criteria to a parse tree representation includes: 

parsing the Source code Search criteria to identify tokens 
within the Source code Search criteria; and 

matching the identified tokens with grammar rules to 
generate the Source code Search criteria parse tree 
representation. 

6. The method of claim 1, wherein comparing the Source 
code Search criteria parse tree representation to the one or 
more Source code parse trees includes: 

comparing nodes in the Source code Search criteria parse 
tree representation to nodes in the one or more Source 
code parse trees, 

determining if there is a match between at least a portion 
of the nodes in the Source code Search criteria parse tree 
representation and a portion of the nodes in the one or 
more Source code parse trees. 

7. The method of claim 6, wherein comparing the Source 
code Search criteria parse tree representation to the one or 
more Source code parse trees further includes: 

determining a degree of matching of nodes in the Source 
code Search criteria parse tree representation and the 
nodes in the one or more Source code parse trees. 

8. The method of claim 7, wherein generating Search 
results based on the comparison of the Source code Search 
criteria parse tree representation to the one or more Source 
code parse trees includes: 

ranking Source code parse trees that have at least a portion 
of their nodes matching at least a portion of the nodes 
in the Source code Search criteria parse tree represen 
tation, based on a determined degree of matching of the 
Source code parse trees. 

9. The method of claim 1, wherein the one or more source 
code parse trees are generated by: 

identifying Source code to be converted to a Source code 
parse tree, 

parsing the Source code to identify tokens within the 
Source code, 

identifying grammar rules applicable to the identified 
tokens, and 

generating a Source code parse tree based on the identified 
grammar rules as applied to the identified tokens. 

10. The method of claim 9, wherein identifying source 
code to be converted to a Source code parse tree includes 
using a web crawler that Searches for Source code available 
on a network. 

11. A computer program product in a computer readable 
medium for Searching for Source code matching Search 
criteria, comprising: 

first instructions for receiving, from a computing device, 
a Source code Search query identifying Source code 
Search criteria; 

Second instructions for converting the Source code Search 
criteria to a parse tree representation; 

third instructions for retrieving one or more Source code 
parse trees from a Source code parse tree Storage; 
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fourth instructions for comparing the Source code Search 
criteria parse tree representation to the one or more 
Source code parse trees, 

fifth instructions for generating Search results based on the 
comparison of the Source code Search criteria parse tree 
representation to the one or more Source code parse 
trees, and 

Sixth instructions for transmitting the Search results to the 
computing device. 

12. The computer program product of claim 11, wherein 
the Source code Search criteria Sets forth a functional 
description of a portion of Source code that is desired to be 
found in the Source code of one or more computer programs, 
wherein the functional description is independent of at least 
one of variable names and parameter values. 

13. The computer program product of claim 11, wherein 
the Source code Search criteria parse tree and the Source code 
parse trees are independent of variable names. 

14. The computer program product of claim 11, wherein 
the Second instructions for converting the Source code Search 
criteria to a parse tree representation include: 

instructions for using a partial compiler to interpret the 
Source code Search criteria. 

15. The computer program product of claim 11, wherein 
the Second instructions for converting the Source code Search 
criteria to a parse tree representation include: 

instructions for parsing the Source code Search criteria to 
identify tokens within the Source code Search criteria; 
and 

instructions for matching the identified tokens with gram 
mar rules to generate the Source code Search criteria 
parse tree representation. 

16. The computer program product of claim 11, wherein 
the fourth instructions for comparing the Source code Search 
criteria parse tree representation to the one or more Source 
code parse trees include: 

instructions for comparing nodes in the Source code 
Search criteria parse tree representation to nodes in the 
one or more Source code parse trees, 

instructions for determining if there is a match between at 
least a portion of the nodes in the Source code Search 
criteria parse tree representation and a portion of the 
nodes in the one or more Source code parse trees. 

17. The computer program product of claim 16, wherein 
the fourth instructions for comparing the Source code Search 
criteria parse tree representation to the one or more Source 
code parse trees further include: 
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instructions for determining a degree of matching of 
nodes in the Source code Search criteria parse tree 
representation and the nodes in the one or more Source 
code parse trees. 

18. The computer program product of claim 17, wherein 
the fifth instructions for generating Search results based on 
the comparison of the Source code Search criteria parse tree 
representation to the one or more Source code parse trees 
include: 

instructions for ranking Source code parse trees that have 
at least a portion of their nodes matching at least a 
portion of the nodes in the Source code Search criteria 
parse tree representation, based on a determined degree 
of matching of the Source code parse trees. 

19. The computer program product of claim 11, further 
comprising Seventh instructions for generating the one or 
more Source code parse trees, wherein the Seventh instruc 
tions include: 

instructions for identifying Source code to be converted to 
a Source code parse tree; 

instructions for parsing the Source code to identify tokens 
within the Source code; 

instructions for identifying grammar rules applicable to 
the identified tokens, and 

instructions for generating a Source code parse tree based 
on the identified grammar rules as applied to the 
identified tokens. 

20. A System for Searching for Source code matching 
Search criteria, comprising: 
means for receiving, from a computing device, a Source 

code Search query identifying Source code Search cri 
teria; 

means for converting the Source code Search criteria to a 
parse tree representation; 

means for retrieving one or more Source code parse trees 
from a Source code parse tree Storage; 

means for comparing the Source code Search criteria parse 
tree representation to the one or more Source code parse 
trees, 

means for generating Search results based on the com 
parison of the Source code Search criteria parse tree 
representation to the one or more Source code parse 
trees, and 

means for transmitting the Search results to the computing 
device. 


